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ABSTRACT Coagulation factor V is a high molecular 
weight plasma glycoprotein that participates as a cof actor in the 
conversion of prothrombin to thrombin by factor X.. A phage 
Xgtll Hep G2 cell cDNA expression library was screened by 
using an affinity-purified antibody to human factor V, and 11 
positive clones were isolated and plaque-purified. The clone 
containing the largest cDNA insert contained 2970 nucleotides 
and coded for 958 amino adds, a stop codon, and 155 
nucleotides of 3' noncoding sequence including a poly(A) tail. 
The coding region includes 651 amino adds from the carboxyl 
terminus that constitute the light chain of human factor V. and 
287 amino acids that are part of the connecting region of the 
protein. The predicted amino add sequence agreed completely 
with 147 amino add residues that were identified by Edman 
degradation of cyanogen bromide peptides isolated from the 
light chain. During the activation of factor V, several peptide 
bonds are deaved by thrombin, giving rise to a heavy chain, a 
connecting fragments), and a light chain. The light chain is 
generated by the deavage of an Arg-Ser peptide bond. The 
amino add sequence of the light chain is homologous (40%) 
with the carboxyl-terminal fragment (M T , 73,000) of human 
factor Vm. Both fragments have a similar domain structure 
that indudes a single ceniloplasmin-rdated domain followed 
by two C domains. The carboxyl terminus of the connecting 
region, however, shows no significant amino add sequence 
homology with factor Vm. It is very addle and contains a 
number of potential N-linked glycosylation sites. It also con- 
tains about 20 tandem repeats of nine amino adds. 

Human coagulation factor V is a high molecular weight 
plasma glycoprotein that is required for rapid thrombin 
formation and normal hemostasis (1). It circulates in blood as 
a large single polypeptide chain (Af n 330,000) with little or no 
coagulant activity (2-6). During the blood coagulation pro- 
cess, factor V is converted to factor V ft by thrombin by 
limited proteolysis (2-6). This makes available binding sites 
for factor X a (7) and prothrombin (8). Factor V a is composed 
of a heavy chain (A/ r , 110,000) and a light chain (M n 76,000), 
and these two chains are held together by calcium ions (3, 6). 
The remainder of the original factor V molecule is released as 
a large connecting fragment(s) that is rich in carbohydrate (3, 
6, 9). Factor V a binds to cell surfaces (9-12) and negatively 
charged phospholipid surfaces (13-16) through the light 
chain, and this increases the rate of prothrombin activation 
* 10,000-fold by factor X a (17). Factor V a is readily inacti- 
vated by activated protein C (18), and this results in the 
cleavage of the heavy chain into two smaller fragments (19). 
In addition to its role in prothrombin activation, human factor 
V a stimulates the activation of protein C by thrombin on 
phospholipid and cell surfaces (12, 20, 21). Only the light 
chain is necessary for this reaction (22). 
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Factor V has a number of physical and biological proper- 
ties that are similar to factor VIII. For instance, factor VIII 
is also converted to an activated form (factor VIIIJ by 
thrombin, and this molecule enhances the rate of activation 
of factor X by factor IX a . This cofactor effect of factor VIII a 
is analogous to that of factor V a on the activation of 
prothrombin. Fass et ai (23) have also reported amino acid 
sequence homology between the N-terminal portions of the 
heavy and light chains of bovine factor V a and the corre- 
sponding peptides from porcine factor VHI a . In addition, 
these sequences showed amino acid sequence homology with 
ceruloplasmin, a plasma copper-binding protein (24). Subse- 
quently, both bovine and human factor V have been shown 
to contain one copper ion per molecule (25). The complete 
amino acid sequence of human factor VIII has been deter- 
mined by cDNA cloning (26, 27). It contains a triplicated A 
domain (-350 amino acids) with =30% internal amino acid 
homology. These A domains are also =30% homologous with 
the triplicated domains of ceruloplasmin (28). In contrast to 
ceruloplasmin, factor VIII also contains a connecting peptide 
(«900 amino acids) located between the second and third A 
domains and contains two C domains (^150 amino acids) 
located near the carboxyl-terminal end of the molecule. 

The biosynthesis of factor V has been demonstrated in 
human Hep G2 cells (29), bovine aortic endothelial cells (30), 
and guinea pig megakaryocytes (31). In this manuscript, we 
report the isolation of a cDNA clone from a Hep G2 cDNA 
library that codes for the carboxyl-terminal 938 amino acids 
of human factor V. This includes the entire light chain of 
factor V a (651 amino acids) and a portion of the connecting 
region (287 amino acids). 

MATERIALS AND METHODS 

Screening of the Xgtll cDNA Library. Human factor V was 
prepared by the method of Kane and Majerus (4), and rabbit 
antibodies were prepared and affinity-purified by the method 
of Canfield and Kisiel (32). The Hep G2 Xgtll cDNA 
expression library was kindly provided by Frederick S. 
Hagen (33). The affinity-purified antibody to human factor V 
was labeled with 123 I and then used to screen filter blots as 
described by Young and Davis (34). Positive clones were also 
hybridized with a l2 P-labeled oligonucleotide probe with a 
sequence of ACCCAYTCYTGYTCRTACAT, where Y is T 
or C and R is G or A (35). This oligonucleotide was 
synthesized by using an Applied Biosystems (Foster City, 
CA) oligonucleotide synthesizer. 

DNA Sequence Analysis. Phage DNA was prepared from 
positive clones (36, 37). The cDNA inserts were isolated after 
EcoKL digestion. The inserts were then subcloned into pUC9 
(38), followed by subcloning of appropriate restriction frag- 
ments into M13 phage cloning vectors mpl8 and mpl9. DNA 
sequencing was performed by the BAL-31 exonuclease 
method (39). Dideoxy chain termination sequencing reac- 
tions were carried out with 35 S-substituted deoxyadenosine 
5'-[a-thio]triphosphate (Amersham) and universal M13 prim- 
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ers as described (39). DNA sequences were stored and 
analyzed on an Apple Macintosh computer using the DNA 
INSPECTOR program (Textco, West Lebanon, VT) (40). 

Protein Sequence Analysis. The light chain of factor V a was 
isolated from 10 mg of human factor V after incubation with the 
factor V activator from Russell's viper venom (6). The light 
chain was then reduced, carboxymethylated (41), and digested 
with cyanogen bromide (42). The cyanogen bromide peptides 
were purified by gel filtration on Sephadex G-50 followed by 
HPLC using an Altex Ultrapore C3 reverse-phase separation 
column as described by McMullen and Fujikawa (41). Seven 
peptides were isolated in sufficient yield to allow automated 
amino acid sequence analysis with a Beckman 890C sequencer. 
Amino acid sequences were analyzed by using the ALIGN 
computer program of Dayhoff et al. (43). 

RESULTS AND DISCUSSION 

Affinity-purified antibody to human factor V was radiola- 
beled with 125 I and used for the screening of ~2 x 10 6 phage 
from a Xgtll Hep G2 cell cDNA expression library. Eleven 
positive clones were identified and plaque-purified. The 
clone containing the largest cDNA insert (XHV2970) also 
hybridized with ACCCAYTCYTGYTCRTACAT, an oligo- 
nucleotide complementary to the DNA that codes for the 
amino acid sequence of Met-Tyr-Glu-Gln-Glu-Trp-Val. This 
amino acid sequence is present in the light chain of human 
factor V a . The cDNA insert was then analyzed by restriction 
mapping and sequenced two or more times (Fig. 1). Also, 
«95% of the sequence was determined on both strands. The 
cDNA insert contained 2970 nucleotides and coded for 938 
amino acids, a stop codon (TAG), and 155 nucleotides of 3' 
noncoding sequence, including a polyadenylylation signal 
(AATAAA) and a poly(A) tail (Fig. 2). The predicted amino 
acid sequence was in complete agreement with 147 amino 
acids that were identified by Edman degradation of seven 
cyanogen bromide peptides. These peptides were isolated 
and purified from the light chain of factor V a and are 
overlined in Fig. 2. These data indicate that the cDNA insert 
in XHV2970 coded for the carboxyl terminus of the protein, 
including 651 amino acids that constitute the entire light chain 
of factor V a (see below) and 287 amino acids that form a 
portion of the connecting region. 

The molecular weight of the light chain of human factor V a 
was calculated to be 71,500 without carbohydrate. The 
addition of the three potential N-linked oligosaccharide 
chains with a molecular weight of -2000 each increases the 
molecular weight of the glycoprotein to *=77,500. This is 
similar to the values of 74,000-78,000, as determined by 
NaDodS0 4 /polyacrylamide gel electrophoresis (4-6). The 
amino acid sequence of the light chain is 40% homologous 
with the carboxyl-terminal fragment (A/ r , 73,000) of human 
factor VIII (26, 27). Both fragments have a similar domain 
structure, including a single ceruloplasmin-related A domain 
followed by two C domains. The A domain in the light chain 
of factor V a is ^40% homologous with the third A domain of 
both human ceruloplasmin and human factor VIII (Fig. 3A). 
The A domain of the light chain of factor V a , however, shows 
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Fig. 1. Partial restriction map and sequencing strategy for the 
cDNA insert in )tHV2970 that codes for human factor V. The extent 
of sequencing is shown by the length of each arrow, and the direction 
of the arrow indicates the strand that was sequenced. The coding 
region is indicated by tjie solid black line. 



less sequence homology (30-36%) with the first and second 
A domains of factor VIII and cemloplasmin. Also, the A 
domain of the light chain of factor V a contains only a single 
pair of cysteine residues, whereas the corresponding domains 
in human factor VIII and ceruloplasmin contain five and 
three cysteine residues, respectively. 

The location and function of the single copper ion associ- 
ated with factor V remain unknown. Ceruloplasmin contains 
six copper ions in three types of binding sites (44). Mann et 
al (25) could not detect type I (blue, 610-nm absorbance) or 
type III (310-nm absorbance) binding sites in factor V and 
concluded that the copper may be bound to a type II binding 
site. By analogy with the type I copper-binding protein 
plastocyanin, the ligands for the type I copper-binding site at 
the carboxyl terminus of ceruloplasmin have been proposed 
to be His-975, Cys-1021, His-1026, and Met-1031 (45). Only 
two of these four residues are conserved in the light chain of 
factor V a (see Fig. 3A). This is in contrast to factor Vin, in 
which all four residues are conserved in the first and third A 
domains (26, 27). The carboxyl terminus of ceruloplasmin 
also contains eight closely clustered histidine residues, whiph 
have been suggested to play a role in copper binding (45). Of 
these eight histidine residues, only three are conserved in 
factor V (Fig. 2), while five are conserved in factor VIII (26). 

The two C domains of human factor V show 35-5096 
homology with each other and with the C domains of human 
factor VIII (Fig. 3B). As was noted previously in factor Vm 
(29), these domains share 20% homology with the slime mold 
protein discoidin I (46). Discoidin I is a tetrameric galactose- 
binding lectin, which is essential for cell adhesion in 
Dictyostelium discoideum. It contains the amino acid sequence 
Arg-Gly-Asp that interacts with a specific cell surface receptor 
(47). The Arg-Gly-Asp sequence is not present in the two C 
domains of factor V or factor Vm. The light chain of factor V a 
binds to negatively charged phospholipid via electrostatic in- 
teractions (14, 16). Pusey and Nelsestuen (16) found that binding 
was inhibited by 90% when 12% of the lysine residues were 
modified by citraconic anhydride. It- is notable that the C 
domains in the light chain of factor V a are basic with a calculated 
charge at pH 7.0 of +14 (excluding carbohydrate). There are 
several clusters of basic residues, including a cluster of four or 
five arginine and lysine residues at the end of each C domain. 
In contrast, the A domain of the light chain of factor V a has a 
calculated charge of -9. A similar charge distribution is seen in 
the corresponding regions of human factor VOL It is possible 
that the binding of the light chain of factor V a to cell and 
phospholipid surfaces is mediated by the C domains. However, 
the precise functions of the various domains in factor V must 
await future experiments. 

During the activation of factor V, the light chain is 
generated by the cleavage of an Arg-Ser bond located 
between the connecting region and the light chain. Factor V 
is rapidly activated by thrombin or the factor V activator in 
Russell's viper venom. The amino acid sequences deter- 
mined by Edman degradation of the light chain of factor V a 
generated by thrombin (D. B. Wilson, personal communica- 
tion) or the factor V activator in Russell's viper venom (Fig. 
2) are identical, indicating that both enzymes cleave factor V 
at the same location. The 25 amino acids determined by 
Edman degradation of the light chain of bovine factor V a are 
identical to the sequence of the human protein except for 
threonine at position 3 and glutamic acid at position 21 (23). 
Although activation of human factor V with thrombin results 
in the cleavage of at least three bonds and removal of the large 
connecting fragments), activation with Russell's viper ven- 
om results in only one cleavage, which generates the light 
chain fragment. Factor V activated with Russell's viper 
venom has a specific activity that is identical to that of factor 
V activated by thrombin. In contrast, Eaton et al. (48) have 
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1 P D L SQVTLSPEL SQtTlSPOLSHTTL SPAL6QMPI 

1 T CCA GAC CTC AX CAG GTG AX CTC TCT CCA GAA CTC AX CAG ACA AAC CTC TCT CCA GAC CTC AX CAC ACG ACT CTC TUT CCA GCC CTT GGT GAS* ATS CCC ATT 

3 6 spdlshttlsldfsqtnlspelsqtUlspal6qmpl 

107 TCT CCA 6AC CTC AGC CAT ACA ACC CTT TCT CTA GAC TTC AfiC CAG ACA AAC CTC TCT CCA GAA CTC AST CAA ACA AAC CTT TCC CCA GCC CTC G6T CAG ATG CCC CTT 

7 2SP0pshttlsldlsqtnlsp elsqtTls pdlsempl- 

215 TCT CCA SAC CCC AfiC CAT ACA ACC CTT TCT CTA GAC CTC AfiC CAG ACA AAC CTC TCT CCA GAA CTC AST CAG ACA AAC CTT TCC CCA GAC CTC AST GAS ATG CCC CTC 

108FADLSQIPITPOIDOMTL$PD16ETDLSPNF6QMSL 

323 TTT OCA 6AT CTC AST CAA ATT CCC CTT ACC CCA GAC CTC GAC CAG ATS ACA CTT TCT CCA GAC CTT GST GAG ACA GAT CTT TCC CCA AAC TTT GST CAG ATG TCC CTT 

144SP0LSQVTLSPDISDTTLLPDLSQISPPPDL0G1FY 

431 TCC CCA GAC CTC AfiC CAG GT6 ACT CTC TCT CCA GAC ATC AST GAC ACC AX CTT CTC COG 6AT CTC AGC CAG ATA TCA CCT CCT CCA GAC CTT GAT CAG ATA TTC TAC 

180PSESSQSLLI.QEFNESFPYP0LGQMPSPSSPTL?DT 

539 CCT TCT GAA TCT AGT CAG TCA TT6 CTT CTT CAA GAA TTT AAT GAG TCT TTT CCT TAT CCA GAC CTT GST CAG ATG CCA TCT CCT TCA TCT CCT ACT CTC AAT GAT ACT 

216 FLSKEFNPLVIVGLSKDGTDYIEIIPKEEVQSSEDD 
647 TTT CTA TCA AAG GAA TTT AAT CCA CTG GTT ATA GTG GGC CTC AGT AAA GAT GGT ACA GAT TAC ATT GAG ATC ATT CCA AAG GAA GAG GTC CAG AGC AGT GAA 6AT GAC 

252 YAEIDT¥PYDDPY»tT0VRTNltsSR0PDM IAA WYLRl/ 

755 TAT OCT GAA ATT GAT TAT GTG CCC TAT 6AT GAC CCC TAC AAA ACT GAT GTT AGG ACA AAC ATC AAC TCC TCC AGA GAT CCT GAC AAC ATT GCA GCA TOG TAC CTC CGC 

288 5NNGNRRNV 7 I A A E E I iwBVsEPV QRETOIEDSDDI 

863 AGC AAC AAT G8A AAC AGA AGA AAT TAT TAC ATT XT GCT 6AA GAA ATA TCC TG6 GAT TAT TCA GAA TTT GTA CAA AGG GAA ACA GAT ATT GAA GAC TCT GAT GAT ATT 

324 PEDTT Y KKVVF RKYLDSTFT.KRDPRGEYEEHLGILG 
971 CCA GAA GAT ACC ACA TAT AAG AAA GTA GTT TTT CGA AAG TAC CTC GAC AGC ACT TTT ACC AAA CGT GAT CCT CGA GGG GAG TAT GAA GAG CAT CTC GGA ATT CTT GGT 

360 PI IRAEVDDVIGVRFKMLASRPYSLHAHGLSYEKSS 

1079 CCT ATT ATC AGA GCT GAA GTG GAT GAT GTT ATC CAA GTT CGT TTT AAA AAT TTA GCA TCC AGA CCG TAT TCT CTA CAT GCC CAT GGA CTT TCC TAT GAA AAA TCA TCA 

396 EGKTYEDDSPE*FKEDNAVQP*$SYTYVWHATERSG 

1187 GAG GGA AAG ACT TAT GAA GAT GAC TCT OCT GAA TGG TTT AAG GAA GAT AAT GCT GTT CAG CCA AAT AGC AGT TAT ACC TAC GTA TGG CAT GCC ACT GAS CGA TCA GGG 

432 PESPGSACRAVAYYSAVNPEKDIHSGLIGPLLICQK 
1295 CCA GAA A6T CCT GGC TCT GCC TGT COG GCT TGG GCC TAC TAC TCA GCT GTG AAC CCA GAA AAA GAT ATT CAC TCA GGC TTG ATA GGT CCC CTC CTA ATC TQC CAA AAA 

468 G2LHKDSNNPVDMREFVLLFMTFDEKKSMYYEKKSR 

1403 GGA ATA CTA CAT AAG GAC AGC AAC ATG CCT GTG GAC ATG AGA 6AA TTT GTC TTA CTA TTT ATG ACC TTT GAT GAA AAG AAG AGC TGG TAC TAT GAA AAG AAG TCC CGA 



504 SSWRLTSSEM 7 K~~3 H I f H JT~1 N T MXYSLPGLKM "7 E ftTT ff" 

1511 AGT TCT TGG AGA CTC ACA TCC TCA GAA ATG AAA AAA TCC CAT GAG TTT CAC GCC ATT AAT GGG ATG ATC TAC AX TTG CCT GGC CTG AAA ATG TAT GAS CAA GAG TGG 

540 1 R L H L L R I G G~^S 0 6 I H V V H F H G Q T L L E N G T K Q. H Q L G V 

1619 GTG AGG TTA CAC CTG CTG AAC ATA GGC GGC TCC CAA GAC ATT CAC GTG GTT CAC TTT CAC GGC CAG ACC TTG CTG GAA AAT GGC AAT AAA CAG CAC CAG TTA GGG GTC 

576 VPLLPGSFKTLEMKASKPGHWL1.NTEVSENQRAGNQ 

1727 TGG CCC CTT CTG CCT GGT TCA TTT AAA ACT CTT GAA ATG AAG GCA TCA AAA CCT GGC TGG TGG CTC CTA AAC ACA GAG GTT GGA GAA AAC CAG AGA GCA GGG ATG CAA 

612 TPFL imdrdcrmpm "5 m T Z — V I — 5 — B — 5~~q" — I — R — I — S — E — f~"~T — 6 — 7 — 0 — T 

1635 ACG CCA TTT CTT ATC ATG GAC AGA GAC TGT AGG ATG CCA ATG GGA CTA AGC ACT GGT ATC ATA TCT GAT TCA CAG ATC AAG GCT TCA GAG TTT CTG GGT TAC TGG GAG 

646~P~RLARLNNGG5YNAM$VEKLAAEFA$KPV I Q V D NQK 

1943 CCC AGA TTA GCA AGA TTA AAC AAT GGT GGA TCT TAT AAT GCT TGG AGT GTA GAA AAA CTT GCA GCA GAA TTT GCC TCT AAA CCT TGG ATC CAG GTG GAC ATG CM AAG 

684EVIITGIQTQQAKHYLKSCYTTEFYVAYSSNQINVQ 

2051 GAA GTC ATA ATC ACA GGG ATC CAG ACC CAA GGT GCC AAA CAC TAC CTG AAG TCC TGC TAT ACC ACA GAG TTC TAT GTA GCT TAC AGT TCC AAC CAG ATC AAC TGG CAG 

720 IFK6^STR NVH ~Y F N G tT~l D A S T I K E 5 Q f 5 P P - 1 V - J R — 7 T 

2159 ATC TTC AAA GGG AAC AX ACA AGG AAT GTG ATG TAT TTT AAT GGC AAT TCA GAT GCC TCT ACA ATA AAA GAG AAT CAG TTT GAC CCA CCT ATT GTG GCT AGA TAT ATT 



756 RISPTRAYNRPTL RLELQ6CEVN6CSTPLGM 1 N G — K T 

2267 AGS ATC TCT CCA ACT CGA GCC TAT AAC AGA CCT AX CTT CGA TTG GAA CTG CAA GGT TGT GAG GTA AAT GGA TGT TCC ACA CCC CTG GGT ATG GAA AAT GGA AAG ATA 

792 1 H K Q" I 7 A S $ T KKSVVGDYVEPFRARLNAQGRVNAVQ 

2375 GAA AAC AAG CAA ATC ACA GCT TCT TOG TTT AAG AAA TCT TGG TGG GGA GAT TAC TGG GAA CCC TTC CGT GCC CGT CTG AAT GCC CAG GGA CGT GTG AAT GCC TGG CAA 

828 AKANNNKQWLE XDLL K IKKITAIITQGCKSLSSEM ~Y~ 

2463 GCC AAG GCA AAC AAC AAT AAG CAG TGG CTA GAA ATT GAT CTA CTC AAG ATC AAG AAG ATA ACG GCA ATT ATA ACA CAG GX TGC AAG TCT CTG TCC TCT GAA ATG TAT 

864 1 R 5 7 T HYSEQGVEVKPYRLK55HVDK IFE6NTNTK 

2591 GTA AAG AX TAT ACC ATC CAC TAC AGT GAG CAG GGA GTG GAA TGG AAA CCA TAC AGG CTG AAA TCC TCC ATG GTG GAC AAG ATT TTT GAA GGA AAT ACT AAT AX AAA 

♦ 

900GHVKNFFNPPIISRFIRVIPKTVNQSIALRLELFGC 

2699 GGA CAT GTG AAG AAC TTT TTC AAC CCC CCA ATC ATT TCC AGG TTT ATC CGT GTC ATT CCT AAA ACA TGG AAT CAA AGT ATT GCA CTT CX CTG GAA CTC TTT GX TGT 

936 D I Y STOP 

2607 GAT ATT TAC TAG AATTGAACAT TCAAAAACCC CTGGAAGAGA CTCTTTAAGA CCTCAAACCA TTTASAATGG GCAATGTATT TTACGCTGTG TTAAATSTTA ACAGTTTTCC ACTATTTCTC TTTCT 

2934 TTTC TATTAGTGAA TAAAATTTTA TACAAAAAAA AAA 



Fig. 2. Nucleotide sequence of the cDNA insert in XHV2970 that codes for the carboxyl terminus of human factor V. Numbering for the predicted 
amino acid sequence (in single-letter code) is arbitrary and will require revision when the complete amino acid sequence of human factor V is 
determined. The amino acid residues identified by Edman degradation are overiined. Potential N-linked carbohydrate attachment sites are shown by 
solid diamonds. A thrombin cleavage site is indicated by a heavy arrow, and the polyadenylylation or processing sequence and the poly(A) tail are 
underlined. 



proposed that cleavage of three peptide bonds is required for 
complete activation of human factor VTJI by thrombin. 

The most striking feature of the carboxyl tenninus of the 
connecting fragment of factor V a is that it contains at least 20 
repeats of a sequence of nine amino acids (Fig. 4). the DNA 
sequence coding for these repeats is strongly conserved and 
codes for a consensus sequence of Thr-Leu-Ser-Pro-Asp- 
Leu-Ser-Gln-Jfe. The carboxyl tenninus of the connecting 



fragment (287 residues) is very acidic, with a calculated net 
charge of -37 at pH 7.0 (excluding carbohydrate). It is also 
rich in proline (12.2%), serine (15.7%), threonine (8.0%), and 
leucine (15.2%). It is apparently heavily glycosylated because 
there are eight potential N-linked oligosaccharide attachment 
sites within the 287 residues thus far identified. This is 
consistent with the fact that the connecting fragments) does 
not stain with Coomassie blue and migrates anomalously in 
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Fig. 3. (A) Amino acid sequence (in single-letter code) homology between the A domains in factor V, factor VIII, and ceruloplasmin. 
Sequences from factor V (residues 288-619), factor VIH (residues 1690-2332), and ceruloplasmin (residues 707-1046) were aligned by using the 
ALIGN computer program of Dayhoff et al. (43). Conserved amino acids are enclosed iaboxes. The arrows designate the location of the proposed 
ligands for type I copper in ceruloplasmin. (B) Amino acid sequence homology between the C domains of foctorJV", factor VTH, and discoidin 
I. The sequences from factor V (residues 620-778 and 779-938), factor Vm (residues 2020-2172 and 2173-2J32> f and discoidin 1 (residues 1-160) 
were aligned by using the ALIGN computer program of Dayhoff et al. (43). Residues conserved in three or more sequences are enclosed in boxes. 



NaDodS0 4 /gel systems (4, 49). The function of this unusual 
region remains obscure. A search of the Protein Identification 
Resource* failed to identify any other proteins that are 
homologous with the 20 repeats of nine amino acids that are 
present in factor V. Furthermore, the carboxyl terminus of 
the connecting fragment does not show any significant amino 

'National Biomedical Research Foundation (1986) Protein Sequence 
Database of the Protein Identification Resource (Natl. Biomed. 
Res. Found., Washington, DC 20007), Release No. 8.0. 
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acid sequence homology with the corresponding carbohy- 
drate-rich connecting region of human factor VIII. 

In the present investigation, **409& of the amino acid 
sequence of factor V has been established. These findings 
confirm that factor V, factor VIII, and ceruloplasmin com- 
prise a family of related proteins that have arisen through 
gene duplication of the A domain (23, 24). Additional cDNA 
clones must be obtained to determine the domain structure of 
the remaining 60% of the factor V molecule and the structural 
features that give rise to its cofactor activity. 
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Fig. 4. Tandem repeats in the amino acid sequence (in single-letter code) and the cDN A sequence for the connecting region of human factor 
^Ti^S acid residucs or nucleotides that are identical with a consensus sequence of TLSPDLSQT/M or ACCCTTTCTCCAGACCTCAG- 
TCAGACA are enclosed in boxes. 
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